I By adding an impaction plate in a graphite furnace it is possible to separate and collect 6µm particles which are found in cigarette smoke. This allows for the quantitative detection of Cd, Cr, Pb and Mn in air in a direct fashion and quasi real time. It is important to monitor not only direct inhalation of cigarette smoke but also "second-hand" smoking by innocent by-standers. II Most Hg spills occur along gas pipelines owing to leaks, by accident or vandalism, on manometers operating with Hg. There are thousands of metering sites and so rapid field analysis is considered a technical necessity. A method has been developed using KI and I 2 as extracting medium. The redissolved filtrate is measured by anodic stripping voltametry (ASV). Results in the range of 1 to 10,000ppm Hg in soil samples can be obtained on-site in less than an hour. III Hazardous gases (He, H 2 , Cl 2 ) are produced in the process of semiconductor fabrication. For health and safety reasons three analytical techniques are proposed for use in cleanrooms to monitor chemicals.
I Determination of metals in cigarette smoke
Although metals in different portions of a cigarette (tobacco, paper, filter) have been the object of determinations by various analytical techniques (neutron activation analysis and electrothermal atomic absorption spectrometry), for such determinations the cigarette was first digested and then offered to the analytical machine for quantitative results. In a feature article, Sneddon et al. (1997) point out that for some time "it has been recognized that cigarette smoke may be more dangerous to health because it can be directly and efficiently ingested into the human body system". Recently, emphasis has been also made on "second-hand" smoking. A most energetic campaign in the USA has resulted in the complete prohibition of smoking in all domestic air traveling, public offices and many restaurants in addition to the long standing ban on cinemas and stage theaters.
Conventionally, the widely-used procedure for sampling cigarette smoke in the air (and in general for sampling air) is "by collection on a filter (glass or cellulose) system, followed by dissolution/digestion and then presentation to a system for quantification". However, in samples of air (including those containing cigarette smoke) the concentration of most metals is very low and their detection necessitates a protracted sampling period (from 30 minutes to days); moreover, the process of homogenization and digestion is liable to contamination and further contributes to dilute the concentration of the sample. Another consideration is that a "short, sharp and high-level exposure" may not be detected, owing to confounding by time averaging.
The authors at the Department of Chemistry, McNeese State University in Lake Charles, Louisiana have for several years studied the "use of a single-stage impactor connected to a graphite furnace for the desired collection of metals in air, for subsequent determination by atomic absorption or atomic fluorescence spectrometry". The goal was to detect quantitatively low concentrations of selected metals in air in a direct fashion (no sample preparation) and in quasi realtime (a few minutes). Recently an improved methodology was applied to "direct and near real-time" determination of various metals in cigarette smoke. In their article (Sneddon et al., 1997) they describe the foundations, instrumentation and application of their improved impaction-graphite furnace atomic absorption spectrometric system as applied to cigarette smoking analysis of various metals.
Central to the technique is the use of an impactor, i.e. "an instrument in which an aerosol issuing from a narrow jet impinges on an impaction plate or surface". Aerosols consist of solid particles in a liquid or gaseous medium; hence, particles deposit in the impaction surface because of inertia. In this case, the impaction plate is a graphite furnace. The system separates particles in the aerosol into two groups: those aerodynamically larger than a certain size are withdrawn from the aerosol and impacted on the graphite furnace whereas the smaller particles will go through the impactor-graphite furnace (I-GF) assembly.
The particles collected on the graphite are quantified by graphite furnace atomic absorption spectrometry. The "current system was designed for maximum collection of small particle sizes, less than 6µm, which would be found in cigarette smoke". Presently a multimetal atomic absorption spectrometric system, the Smith Hieftje 8000 and 188 controlled temperature furnace, was used, since it has the capability for determining up to four metals simultaneously.
The concentration of metal in aerosol or air is calculated by reference to a calibration curve established with aqueous standards with the formula: It has been established that for determination of metal in air samples the use of aqueous standards is satisfactory. Detection limits achieved by using I-GF atomic absorption spectrometry are identical to those obtained with conventional atomic absorption spectrometry. After standardization of the system, results for a sample of air can be obtained in about 5 minutes, hence the designation of quasi real-time for this procedure. The elements Cd, Cr, Pb and Mn were determined simultaneously in laboratory air in three experimental situations: prior to smoking, during smoking and 4 hours thereafter. Background values for Pb were from 8 to 25ng/m 3 and increased to 88ng/m 3 during smoking; Cd values raised for 8 to 128 mg/m 3 . Four hours after smoking, values for Cr, Pb and Mn had returned to background levels, but Cd levels remained twice the background level.
The authors (Sneddon et al., 1997) conclude that these results show the potential of the I-GF system connected to an atomic absorption spectrometer for direct and quasi realtime determination of low concentrations of metals in aerosols as in cigarette smoke. It is hoped to extend this application to the determination of metals in burning oil, which is environmentally of great significance.
II On-site mercury analyzer
When improperly released into the environment, mercury is cause of serious concern. Currently most mercury spills occur along natural gas pipelines owing to leaks and vandalism on manometers operating with mercury. In a recent article by Foust and Gui (1997) it is pointed out that "[c]ost containment during site characterization is critical for these sites because of the large number of metering sites and their relatively small size".
Although the sites containing mercury represent 1-2m 3 of contaminated soil, there are thousands of metering sites; therefore, rapid field analysis is considered a technical necessity for these locations. Furthermore, there is a large financial impact associated with contaminated sites. Significantly, a great portion of the cost is related to site assessment. It should be noted that extended "delays between sample acquisition and analysis lead to long, idle periods for personnel and equipment". Field analysis has been developed as a procedure for cost containment.
Although there are several techniques for in-field determination of mercury in environmental samples, such as X-ray, fluorescence, immunoassay or vapor analysis, there exist serious drawbacks, namely "a lack of sensitivity, matrix interferences, limited range, limitations due to the forms of mercury, and/or the use of hazardous reagents". The authors report that in their laboratory at General Electric Co., Schenectady, New York they have developed a method based on the quick selective extraction of mercury from a solid sample, solubilization and determination by electrochemical means. The method has been shown to have very good correlation with the "standard laboratory method of sample leaching with strong, hot acid followed by atomic absorption analysis of the leachant".
The modus operandi involves adding to 1g of soil sample in a pressure tube 10ml of an extracting solution made of 1M KI and 0.5M I 2 . The tube is placed in a water boiling bath for 30 min. It should be emphasized that the aqueous solution of potassium iodide (solubilizing agent) and iodine (oxidant) serves as extracting medium. The use of a high temperature and higher concentration of oxidant allows for the complete mercury removal in a minimum time from samples in which mercury exists as an element or combined to oxygen in sulfur, thus:
Hg + I 2 + 2KI → K 2 HgI 4 HgO + H 2 O + 4KI → K 2 HgI 4 + 2KOH HgS + I 2 + 2KI → K 2 HgI 4 + S .
In fact, this extraction mixture has been used as a decontaminant for mercury containing solids. Note that in above chemical reactions no acids or bases are needed for the extraction of mercury from the soil; thus "the extraction process can be conducted without the use of hazardous corrosive acids". After extraction and cooling, the filtrate is redissolved in a vial with a special cap containing a Au disk as working electrode; a Pt wire as auxiliary electrode; and a Ag/AgI reference electrode. The electrodes are connected to a computer-controlled potentiostat for anodic stripping voltametry (ASV). The resulting current is translated into mercury concentrations by comparison with standards. For reassurance the residual products of the iodine/iodide extraction were reanalyzed by standard techniques with very good agreement.
In samples obtained from natural gas metering stations in which mercury spills, ranging from over 1,000ppm to less than 1ppm, from manometers had taken place, excellent correlation was obtained between the ASV method developed by Foust and Gui (1997) In the past, voltametric methods have been criticized because of a lack of reproducibilty owing to "fouling of the electrode surfaces". However, in this ASV method, a monolayer of iodine atoms is absorbed onto the gold surface and protects this electrode from contamination.
The ASV method can not only be used quantitatively, but also as screening for mercury in soil.
Solutions containing mercury used during analyses can be treated with iron filings to remove hazardous constituents; many compounds in solutions precipitate as elemental mercury and iodine is rendered to harmless iodide according to the following reactions:
K 2 HgI 4 + Fe → Hg 0 + 2KI + Fe 2 I 2 + Fe → FeI 2
The authors state that the ASV method yields results in the range of 1 to 10,000ppm mercury in soil samples in less than an hour.
III Hazardous gas monitoring
The American Conference of Governmental Industrial Hygienists has identified several chemicals used in semiconductor fabrication as health hazards and established a threshold limit value (TLV) for each substance. The TLV is defined as an 8h time weighted average airborne concentration of a substance to which workers may be repeatedly exposed every working day without adverse effects. Chemicals which are potentially flammable are categorized in the range of their lower flammable limit (LFL); those which are potentially explosive are classified by their lower explosive limit (LEL). According to an article by Scott (1996) chemicals can be categorized by their TLV and LFL/LEL levels in this way:
• TLVs at ppb levels are for toxic gases (metal hydrides); • TLVs at ppm levels are for acids, gases, solvents and oxidizers; • LFL and LEL may reach 100 per cent at room temperatures for those chemicals which have a tendency to burn or explode.
For health and safety reasons three analytical techniques are used in cleanrooms to monitor chemicals according to the above categories: 1 Fourier transform infrared spectroscopy for monitoring substances in the ppm ranges; 2 molecular emission spectroscopy for detecting gases at ppb; 3 acoustic sensing technique for detecting hydrogen gas in the LEL range.
Fourier transform infrared spectroscopy (FTIR) is based on the fact that each chemical substance absorbs radiation in a characteristic pattern; "a graph of absorption versus wavelength (the spectrum) may be used to identify components in a gas mixture by their complex spectra". Since the quantity of light absorbed is proportional to the concentration of each component, the technique can also be used for quantitative purposes. Application of the Fourier transform confers advantages to infrared methods because "the signal-to-noise ratios are higher, the resolution is better, the wavelength accuracy is superior, and data acquisition times are significantly shorter". With FTIR low concentrations of vapor phase chemicals, including all organic compounds, can be detected. Complete spectra can be generated to find suspected leaks and/or unknown odors emanating from locations such as exhaust ducts, gas cabinets, plant emissions, workers'/breathing areas, etc. An integral part of the operation consists of shut-off control and thorough compilation of incidents and alarms. Appropriate software automatically transforms the information in the FTIR machine into concentrations of chemicals by employing reference spectra.
The monitoring device may include 12 gases per location and requires only about 25s "for sampling, analysis, and data presentation". The FTIR technique can detect any substance at low ppm in the vapor phase except atomic and diatomic gases (He, H 2 , Cl 2 , O 2 ). It is useful for monitoring most compressed gases, acids and solvent vapors in semiconductor facilities.
Molecular emission spectroscopy (MES) monitors toxic gases in the ppb range, i.e. at concentration well below the established TLV. This technique is free from "cross-sensitivity to solvents, acid gases, and other common chemicals used in semiconductor fabrication processes".
For MES a hydrogen flame photometric detector is employed which uninterruptedly handles toxic substances, namely metal hydrides. When the toxic chemical in the sample of air penetrates the flame corona, the light emissions pass through optical filters and are converted to electronic signals. An industrial computer with multi-tasking software is attached to the MES detector, which allows for checking the pneumatic, electrical and sampling components; in addition, the computer is connected to a building's controls, guard rooms and emergency stations.
An MES system can sequentially monitor 20 locations aspirating air samples through tubes.
Acoustic sensing is used for detecting hydrogen in working plants at a concentration as Any level of hydrogen -even a low one -in the sampled air markedly changes the "timeof-flight of acoustic waves, making it easy to detect hydrogen". Helium causes a similar but smaller change to the acoustic waves. Many times it is necessary to distinguish between hydrogen and helium. This is achieved by means of a palladium catalyst that readily removes hydrogen, but not helium and other gases. Hitherto, monitoring for hydrogen had been carried out by gas detectors of the catalytic or electrochemical type, but gas detectors have to be checked out and calibrated periodically with the consequent use of manpower. They are also prone to generating false alarms as they cannot distinguish a variety of chemicals from hydrogen. On the other hand, acoustic systems have a built-in internal check, never require calibration and are free from interferences.
Comment
The FTIR methodology identifies gases in air samples by their infrared absorption spectrum which is like a finger-print identification. Techniques using MES and acoustic detection have not the intrinsic finger-print identification; however, both approaches possess a high degree of chemical specificity. The MES employs two narrow bandpass optical filters, one centered on the peak light zone of toxic gas emissions and the other on the peak light zone of interfering chemicals. In this way MES can compensate for interferences.
The acoustic detector is "inherently specific to gases having very low molecular weights, such as hydrogen and helium, because the time-of-flight of the acoustic wave becomes faster the more these gases mix with air". It is fortunate that fast, simple, reliable and sensitive methods of monitoring with increased specificity for "air quality, toxic gases, and explosive gases, such as hydrogen, [are] becoming a reality … Centralized monitoring utilizing powerful analytical techniques is user-friendly and can be operated by non-technical personnel".
